where (14) and will not be a major concern of this paper. Buffers from pH 7.0 to 9.0 were used. Reference solutions of 4-methylumbelliferone were prepared in the range of 0.1 to 1 zg/ml in both 0.6 molar 2-amino-2-methyl-1-propanol buffer, pH 10.5, and 0.05 molar acetate buffer, in the pH range 4.0 to 6.0. (20) , which permits the same type of data reduction that is available for spectrophotometric measurements (21, 22) .
Materials and Methods

Dynamic Referencing
Enzyme Activity and Substrate Concentration Assays
Fluorescence Polarization Measurements
Dandliker et al. (4, 5) to contain increasing concentrations of ethylene glycol. Film polarizers were obtained and adapted to the fluorometric Fast Analyzer. The polarizer on the excitation side is fixed. However, the polarizer on the emission side or the emission analyzer can be rotated through an angle of 90#{176}. Fluorescence polarization measurements are made on all solutions in the spinning rotor by setting the emission analyzer (polarizer) in a perpendicular position, taking a series of readings for digital averaging purposes, rotating the polarizer 90#{176}, and then taking a second set of intensity readings. These data are simultaneously reduced, using a polarization routine to calculate polarization, p, as follows:
A The data indicate that we are approaching a dete#{232}tion limit for FITC-labeled insulin that will make it suitable for use as a tracer in a fluoro-immuno competitive binding assay for insulin.
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Problems Pertaining to Instrumentation
Two problems arise from the use of a multic#{252}vet
fluorometer, one unique to the instrument, the other common to instruments used for fluorescence measurements of concentration.
Cuvet intensity variation.
One of the first concerns in developing the fluorometric Fast Analyzer involves the excitation and emission geometry and how it affects the attainment of constant intensity signal for all cuvets when an equal volume of the same solution is excited in each cuvet. A large cUvet-tocuvet variation in the excited volume element can produce a significant variation in the emitted signal, which would decrease the analytical effectiveness of the end of an analysis, the normalized intensity for this approach.
The measured, uncorrected emission each cuvet at each reading interval is calculated by intensity for a solution of sodium fluorescein (1 g/ obtaining the ratio of sample intensity to the corml) in 0.01 molar NaOH dispensed in equal volumes rected reference intensity, as follows: in all cuvets is close to 1%. By using the computer In this manner the sample intensity is obtained in units of relative intensity per unit of relative intensitamed and stored. The average intensity reading for ty of reference compound; and, because the conceneach cuvet is then calculated, and cuvets 2 through 15 are normalized with respect to cuvet 1. Correction tration of the reference compound is known, the sample concentration or enzyme activity can be factors for emission intensity variation can be calcureadily obtained.
Use of the dynamic referencing lated and stored through this procedure. These factechnique not only provides a means of rapidly caltors are then used for correcting intensity data during each analytical run. The calibration factors, when applied in the computer evaluation of the relative intensity of aliquots of the same fluorescent solution contained in all cuvets, decrease the analytical culating concentration but it also serves as a doublebeam measurement by continuously reading a fluorescent standard and normalizing over long-term instrumental drift and intensity changes.
Two forms of dynamic referencing have been variation from cuvet to cuvet to a coefficient of vanadapted for use with the fluorometric Fast Analyzer.
ation of 0.3%. The first, called "direct substrate referencing," in-
A second concern involving instrumentation is fluorescence referencing. The problem here is to obtain concentration units or envolves the use of a known concentration of the substrate or product being measured during the analysis. The second, called "dynamic ratio referencing," zyme activity units directly from intensity data. The use of an absorbance measurement in conjunction involves the use of a reference compound such as quinine bisulfate in 0.05 molar H2S04 during each with the molar absorptivity of the monitored reacrun and determination of the ratio of the relative intion component presents a ready means of calculating concentration or enzyme activity units, if proper instrumental practices are adhered to. Owing to tensity of this compound to that of the monitored species of the reaction. The latter method is used when the reaction product is not suitable for direct variations in excitation intensity, to detector sensisubstrate referencing. An example of this case would tivity, and to excitation volume elements, it becomes be the use of NADH solutions, which are not stable more difficult to obtain the relationship of absolute over long periods of time, thus making NADH an intensity to molar absorptivity for any given fluoresundesirable reference compound. 
Enzyme activity, in International Units, is calculated from the following expression for direct referencing:
it possible to reference dynamically by using one cuvet as a nonfluorescence blank, a second cuvet for the fluorescent reference compound, and the remain- (4) ing cuvets for determining enzyme activity or substrate concentration. During each rotation of the where RC is the reference substrate or product concuvet rotor, the relative intensity of the blank, the centration (zg/ml), MW is the molecular weight of reference cuvet, and the sample cuvets are read and the reference compound, RV is the total reaction volthen averaged over successive rotations. The data for ume, and SV is the volume of sample used in the each cuvet for each reading interval are stored. At reaction. is queried as to which referencing method is to be used. If ratio referencing is selected, a value for the ratio is entered into the program and the enzyme activity is calculated from the following expression:
Enzyme activity, in U =
(RC)(1000)(RV)
Al/mm (MW)(SV)(RA)
where RA is the ratio of the relative intensity per micromole/liter of substrate (or product) to the relative intensity per micromole/liter of reference standard compound and the remaining variables are as described above. It should be noted that the product of RA and ('reference -'blank) yields the relative intensity of the monitored species in units of micromole per liter.
Results and Discussion
Fluorescence Measurement Referencing
The instrumental approach to dynamic referencing of a multicuvet fluorometric Fast Analyzer was briefly discussed in the preceding section. It was established that two approaches to referencing could be taken: (a) direct referencing, using the substrate or product under assay conditions, or (b) ratio referencing, in which the fluorescence intensity of a recognized reference compound (e.g., quinine bisulfate in 0.05 molar H2S04) is related to that of the monitored substrate or product through a molar intensity ratio. The latter technique is preferred for assays involving an unstable substrate or product, for which the intensity of the reference over a period of time would not be representative of the intensity of the actual monitored species during the assay 1 to 2 h after the reference solution was prepared. The micromolar ratio of substrate to reference compound can be readily obtained using the Fast Analyzer. For example, the relative intensities of several solutions of quinine bisulfate in 0.05 molar H2SO4 and the relative intensities of several solutions of NADH at different concentrations prepared in a given buffer can be read simultaneously, and the data analyzed by linear regression analysis. In this manner, the ratio of the relative micromolar intensity data for substrate vs. reference can be obtained essentially simultaneously under conditions of similar excitation intensity and photomultiplier sensitivity. Table 1 lists the ratios obtained in this way for 4-methylumbelliferone in 0.6 molar 2-amino-2-methyl-1-propanol buffer, pH 10.5; for 4-methylumbelliferone in 0.25 molar citrate buffer, pH 5.0; and for NADH in 0.1 (5) molar Tris buffer, pH 7.0 to 9.0. Quinine bisulfate in 0.05 molar H2S04 was used as the reference. The ratio of the relative intensity of 4-methylumbelliferone to that of quinine bisulfate was shown to be essentially the same as listed in Table 1 and II with measured lactate dehydrogenase activities of 25 U and 79 U, respectively, at 25#{176}C were diluted according to the instructions and then diluted 10-fold with saline (9 g of NaCl per liter). A 500-al aliquot of quinine sulfate (0.2 zg/ml in 0.1 molar H2SO4) was pipetted into the reagent well for cuvet 3, and 500 zl of 0.05 molar H2S04 (the blank) was placed in reagent well 2 of the Teflon transfer disk. Each of the remaining reagent wells, 4 through 15, was filled with a 500-tl aliquot of lactate dehydrogenase reagent. The control serum was pipetted, in 5O-zl aliquots, into sample wells 4 through 15 of the transfer disk. The excitation monochromator was set C Ratio = 9.9; reference standard was quinine sulfate, 4 pg/mt in 0.05 molar H2S04.
at 340 nm, the proper P.M. voltage range was selected (0.55 kV), the fluorescence enzyme assay program was loaded from the memory disk into the computer, and the reaction was started. Under the conditions of the assay, 5 zl of sample was analyzed in a total reaction volume of 550 zl. The results of four analyses (two levels of control, in duplicate) are shown in Table 2 . The analytical precision was from 3 to 5%, the coefficient of variation for these runs. Analysis time was about 3 to 7 mm, and the temperature was maintained by air-bath thermostating in the range of 24#{176}-25#{176}C. The reaction-progress curves (e.g., normalized relative intensity versus time in seconds) is shown in Figure 6 for control sera I and II. The correlation is good and shows that similar results can be obtained with either approach.
Calculation of Glucose Concentration by Use of Ratio Referencing
It has been previously demonstrated that spectrophotometric enzymic end-point substrate analysis can be used to obtain reliable glucose concentrations by multiplying the absorbance change of the reaction by a substrate factor (22) . A similar expression can be obtained for a fluorescence substrate factor in which the intensity of the reference compound is substituted for the molar absorptivity. The resulting expression is as follows: into sample well 3, and a 500-,d aliquot of 0.05 molar H2SO4 was pipetted into sample well 2. The remaining reagent wells (4 through 15) received 5O0-il auquots of hexokinase glucose-reagent (Calbiochem). The four serum glucose standards were pipetted in triplicate, a 50-al aliquot of each into each sample well from 4 through 15. The reaction was initiated and intensity readings were obtained starting at 5 s, and at 20-s intervals thereafter, for a total reaction time of 225 s. A substrate factor of 555 was calculated for this reaction, and the resulting glucose concentrations were calculated (see Table 4 ). The reaction progress curve for all four glucose determinations is shown in Figure 7 . Contrary to the results reported by the latter workers, we find the substrate to be reasonably stable in AMP and 2-amino-2-methyl-1-propanol buffers and have chosen to look at the assay under similar conditions of the current stateof-the-art assay for alkaline phosphate using p-nitrophenylphosphate in 2-amino-2-methyl-1-propanol buffer that contains 10 mmol of MgC12 per liter. We have investigated the activity and substrate specificity with respect to beef liver, beef placenta, human intestine, and serum from patients suffering from acute hepatitis. Figure 8 is a plot of reaction velocity vs. substrate concentration obtained for human intestinal alkaline phosphatase and liver alkaline phosphatase.
The activity-vs.-substrate curves are similar in substrate optima to those obtained by spectrophotometric procedures with p-nitrophenylphosphate in the same assay buffer. The linearity of enzyme activity as a function of enzyme dilutions is shown in Figure 9 . The data were obtained by diluting a human serum with abnormally high alkaline phosphatase activity (240 U/liter at 30#{176}C) with saline (9 g of NaC1 per liter). Our initial investigations suggest that a fluorescence assay for alkaline phosphatase can be set up for human serum alkaline phosphatase with use of 4-methylumbelliferyl phos- 2 to 5% with the current prototype instrument.
Acid phosphatase.
The development of a kinetic acid phosphatase assay for human prostatic acid phosphatase by using 4-methylumbelliferyl phosphate in an acidic buffer has not been reported. Guilbault (34) has assayed for potato acid phosphatase activity with umbelliferyl phosphate as substrate. This assay can compete most favorably with spectrophotometric methods, which either require analysis at pH 5.0 and subsequent pH adjustment of the buffer to 10 or 11 for determination of activity or the use of a coupled dye assay procedure (15) . The compound 4-methylumbelliferone is fluorescent in acid and basic solutions. However, the fluorescence intensity decreases in going from basic solutions to In our system the highest emission intensity was obtained at an excitation of 307 nm and the loss of intensity is about twofold, which is insignificant.
The excitation maximum of 307 nm was determined by peaking for highest emission intensity; and because we are using a monochromator for excitation, but barrier filters for isolation of emission signal, the 307-nm excitation maximum does not represent the true excitation maximum for 4-methylumbelliferone in acidic buffers. Table 5 . Two points of interest arise from these data. First, it is evident that there is an extremely large intensity change in going from substrate to product (about a 1000-fold increase). Second, it can be seen that the fluorescence intensity of the substrate changes with pH but the fluorescence intensity of the product does not vary in this pH range. If one plots relative intensity vs. pH, the fluorometric titration curve shown in Figure 10 is obtained. The intensity change is apparently due to the ionization of the second basic group of the phosphate group of 4-methylumbelliferyl phosphate.
A pK2 of 5.4 at 25#{176}C can be calculated from the data. It is ap- Figure 12 shows a plot of acid phosphatase activity in the presence and the absence of Ltartrate.
At the concentration of L-tartrate in the assay, > 10 mol/liter, essentially 95% inhibition is seen. Figure 13 
Optimum pH
The maximum activity was obtained at pH 4.0, with an activity near zero at pH 7.0 and essentially half the maximum value at pH 2.7. The hydrolysis rate was determined throughout the pH range 2.7 to 7.0 by measuring the activity in the absence of enzyme under the same conditions as were used to obtain the pH-vs. -activity curves, and the result was essentially zero activity at all pH values. Figure 14 shows the enzyme activity vs. pH. The control serum containing human prostatic acid phosphatase was stable for at least one week when prepared in the acetate buffer. We have noted that normal serum acid phosphatase taken off the clot immediately after centrifugation is stable when diluted in acid buffer but loses about half its activity in 24-h if it is refrigerated without prior buffer dilution.
The normal acid phosphatase activity in serum samples under the assay conditions described was 1.0 ± 0.5 (SD) U at 25#{176}C; the abnormal control serum had an activity of 4.1 U. The precision of replicate analyses was 5%.
The 
